Previous reports on lipid synthesis in yea st homogenates have emphasized that the removal of the mitochondrial fraction does not diminislh the activity of these extracts (Klein and Booher, 1955; Klein, 1957) . A fraction sedimenting in 30 min between 25,000 X G and 60,000 X G, wheni added to the supernatant obtained by centrifugation at 100,000 X G for 30 min, was found to be highly active in lipogenesis. On the other hand, Corwin et al. (1956) , and Schuytema and Lata (1958) presented evidence f or the apparenit involvement of mitochondria. in fat formation in yeast extracts.
These conflicting views may now be reconciled by findings to be detailed below. When yeast cells are subjected to mild conditions of rupture, the resulting (low protein) extracts are indeed inactive in the absence of the mitochondrial fraction. However, even in these preparations it can be shown that the enzymatic equipment involved in lipid synthesis is extramitochondrial, since low concentrations of ethylenediaminetetraacetate (EDTA) can substitute for the mitochondrial fraction.
MATERIALS AND METHODS
Organism and conditions for cultivation. The organism used was Saccharomyces cerevisiae strain LK2G12. Details concerning media and methods of cultivation have been given (Klein, 1957) .
Preparation of low protein cell-free extracts.
Cells from 1. washed twice with cold distilled water, and immediately frozen at -20 C. As a routine procedure, cells kept frozen for more than 1 week were not used in any experiments. The centrifuge tube containing the frozen cells (approximately 35 g wet weight) was placed in tepid water briefly to loosen the packed cell mass which was then shaken into a large mortar (18 cm) containing 400 ml of finely powdered dry ice and 30 g of washed glass beads (Superbrite type 110, Minnesota Mining Company). The cells were ground with a pestle for about 25 min, 20 to 30 ml of 0.1 M phosphate buffer (pH 7.0) were added, and the mixture was allowed to thaw undisturbed.
Differential centrifugation, conducted according to the procedure of Klein (1957) , yielded crude homogenates containing approximaXtely 10 mg protein per ml.3
Incubation procedure. Samples (1.0 ml) of the crude homogenate, or fractions thereof, were incubated in air or under 100 per cent CO2 at 30 C in Warburg vessels containing 3.3 ,umoles of 1-C'4-acetate (approximately 5 X 10' cpm), 1.3 ,umoles adenosine triphosphate, plus various additions according to the particular experiment. The total volume varied between 1.1 and 1.5 ml. After 4 hr, metabolic activity was stopped by the addition of 0.5 ml of saturated KOH, and the lipids were separated according to procedures given earlier (Klein 1955 (Klein , 1957 (Klein, 1957) Protein determination. Proteins were determined by the biuret method according to Gornall et al. (1949) .
Chemicals. Sodium-acetate (1_C14) (New England Nuclear Corporation) and adenosine triphosphate (ATP) (disodium salt, Nutritional Biochemicals Corporation) were used. Other chemicals were C.P. unless specified otherwise.
RESULTS
Effect of EDTA and of the mitochondrial fraction on acetate incorporation. (figure 1), the former was as sensitive to EDTAstimulation as the latter.4 Furthermore, when graded amounts of the mitochondrial fraction were added to supernatant III, the presence of 0.0001 M EDTA resulted in increased incorporation at all levels of the mitochondrial fraction tested (figure 2).
Effects under anaerobiosis. Since mitochondria are thought to be primarily involved in oxidative phosphorylation, it seemed possible that this fraction might be involved indirectly in lipogenesis in the generation of energy. Accordingly, incorporation experiments were carried out under anaerobic5 conditions in order to preclude oxidative activity.
In figures 3 and 4 are given the results of 4EDTA inhibits incorporation of acetate in these preparations at concentrations greater than 0.001 M. Such inhibitory effects have been reported by Klein (1958) using high protein homogenates.
I As incorporation into the nonsaponifiable lipid fraction in the absence of air is virtually absent (Klein, 1957) , only the fatty acid fractions were assayed in these experiments. experiments in which incubation was under an atmosphere of CO2. Here again, it is clear that the crude homogenate is more active than the mitochondria-free extract (figure 3) and that addition of the mitochondrial fraction to the latter increases acetate incorporation (figure 4). As a consequence of these observations, therefore, oxidative phosphorylation cannot be invoked to explain the stimulatory effects recorded. These experiments also demonstrate the stimu- ential centrifugation, once more only the pellet sedimenting at 19,000 X G showed any stimulatory activity when added to supernatant III.
As none of the procedures detailed above yielded pertinent information on the possible locus in the mitochondrial fraction of the stimulatory effect, we turned to a direct comparison of low protein (LP) and high protein (HP) preparations, since it seemed reasonable to assume that the latter contained this material.
Cells from 5 flasks of media were harvested and aerated as described, divided into two equal parts, and frozen overnight. One part was ground as described in the Materials and Methods section to produce LP homogenates. The other part was ground according to Klein (1957) yielding HP homogenates. Twenty-two ml of 0.1 M phosphate buffer (pH 7.5) were added to each homogenate. From each, supernatants II and III were obtained, after which a portion of each supernatant III was centrifuged for 30 min at 100,000 X G to obtain the small particle fraction. Samples of HP particle-free supernatant (supernatant IV) were combined with 0.1 ml of the HP small particle fraction, or with 0.1 and 0.2 ml of the LP small particle fraction. Samples of LP supernatant IV were combined with 0.1 ml of the LP small particle fraction, or with 0.05 and 0.10 ml of the HP small particle fraction. Subsequent procedures were performed as described before. The results are recorded in table 4. As was to be expected, LP supernatant III was inactive whereas HP supernatant III was active in incorporating acetate into lipids. The low activity observed with HP supernatant IV may be attributed to contamination with the small particle fraction, as even a slight trace of small particles permits some lipid synthesis to occur (Klein, unpublished 
results).
The combination of LP supernatant IV and LP small particle fraction was inactive unless EDTA was added. However, when the HP small particle fraction was combined with this same LP supernatant IV, synthesis occurred.
On the other hand, the LP small particle fraction was inert when added to HP supernatant IV. Thus the particle-free supernatants of both preparations can be stimulated by particles from HP extracts. The two particle preparations differ, however, and it may tentatively be assumed that this difference is due to the presence of particle-bound material from the mitochondrial fraction in the HP small particle fraction.
DISCUSSION
The contribution of the mitochondria to lipid synthesis in cell-free systems is somewhat obscure, although the majority of evidence (PopjAk, 1958) suggests that these particles are not directly involved in this process. In those instances where the mitochondria have been implicated, it was demonstrated that they could be dispensed with by the addition of electrolytes to the homogenization medium (Dituri et al., 1957) . Presumably, some essential factor was extracted from the mitochondria by this procedure.
In the present experiments we have described a lipid-synthesizing system from yeast in which the mitochondrial fraction appears to be necessarv for synthesis. However, closer observation reveals that the mitochondrial fraction is not obligatory for lipogenesis since low concentrations of EDTA can substitute for this fraction. Since EDTA presumably functions by chelating multivalent metals, it is possible that the mitochondrial fraction is effecting lipid synthesis by a similar process. However, Friess (1954) , studying the effects of chelation on myosin adenosine triphosphatase, presented evidence which suggested that EDTA acted not by chelation but that it had a direct effect on this enzyme. This possibility is not ruled out here since other chelators (except possibly cysteine) failed to substitute for EDTA in mitochondriafree extracts.
Experiments have shown that two types of cell-free homogenates can be prepared from our strain of S. cerevisiae, depending on the method of grinding: high protein extracts, which can synthesize lipids in the absence of the mitochondrial fraction, and low protein extracts, which require this fraction or EDTA. The difference between these homogenates appears to reside in their respective small particle fractions.
The fact that high protein homogenates are active in the absence of added mitochondria whereas low protein extracts are not suggests that the former preparations already contain mitochondrial stimulating materials. Furthermore, since the small particle fraction from such extracts also stimulates low protein preparations, it is probable that the more rigorous procedures used to obtain high protein extracts damage the mitochondria. This damage presumably releases the activating material in a particle-bound condition.
1960]
When the mitochondrial fraction and EDTA are used together, an additive stimulation occurs in low protein extracts. The respective effects of these agents, then, appear to be independent and it would be reasonable to assume that they act at different points in the biosynthesis of lipids. However, it should be emphasized that either agent alone is sufficient to allow synthesis to occur. It seems reasonable to conclude from these findings that both affect the production or maintenance of the same specific component in the biosynthetic sequence at a rate-limiting point, but by different mechanisms. The fact that EDTA and the mitochondrial fraction were effective under anaerobic conditions excludes the possibility of their functioning in energy production via oxidative phosphorylation.
On the basis of these studies, the following hypothesis is proposed. We suggest that mitochondria-free preparations of low protein extracts contain some substance(s), possibly involved in electron transfer, which is broken down or inactivated by a metal-catalyzed system also present in these preparations. The addition of EDTA to such extracts prevents the loss of this substance by chelating the metal catalyst. On the other hand, addition of the mitochondrial fraction or of the subfraction found in HP small particle fractions, introduces an enzyme system which is capable of adding or generating enough of this substance to enable lipid synthesis to proceed. SUMMARY A cell-free system from Saccharomyces cerevisiae capable of incorporating acetate into fatty acids and nonsaponifiable lipids has been described. These extracts (low protein) differ from those previously reported with this organism (high protein) by being inactive after removal of the mitochondrial fraction. Low concentrations of ethylenediaminetetraacetate and to a lesser extent cysteine, but not salicylaldoxime, o-phenanthroline, 8-hydroxyquinoline, kojic acid, citric acid, glutathione, ascorbate, 2-mercaptoethanol, also stimulate lipid synthesis. Ethylenediaminetetraacetate exerts its effect even in the presence of the mitochondrial fraction to give an additive effect.
Direct attempts to extract the activating system from the mitochondrial fraction were unsuccessful. However, when low protein and high protein homogenates were prepared simultaneously and various fractions interchanged, the difference between these preparations appeared to reside in their respective particle fractions. It is suggested that the high protein small particle fraction contains the activating system of the mitochondrial fraction.
